IMPORTANCE Discharge disposition is a patient-centered quality metric that reflects differences in quality of life and recovery following surgery. The effect of hospital volume on quality of recovery measured by rates of successful discharge to home remains unclear.
T he benefits of performing complex operations at high-volume hospitals rather than at low-volume hospitals have been established for a range of procedures involving cancer and benign disease. [1] [2] [3] [4] Comparisons based on hospital volume demonstrate decreased 30-day morbidity and mortality at high-volume hospitals, but the absolute magnitude of this effect is variable and depends on the procedure studied. 5, 6 While short-term mortality for pancreatic resection is reduced by more than 12% at highvolume hospitals compared with low-volume hospitals, the difference is much smaller for colectomy, for which the absolute difference in mortality is only 1.5%. 1 An area that has received less attention is what the quality of recovery is following surgery and how well patients are able to regain preoperative levels of function following discharge. The quality of surgical recovery is partially reflected by whether patients are able to return home following surgery or whether time in skilled facilities (rehabilitation centers, short-term recovery hospitals, skilled nursing facilities, or other institutions) is necessary to regain functional independence. Because discharge to skilled facilities is associated with postoperative complications, more frequent readmissions, and increased mortality, discharge disposition is a clinically salient marker for a difficult and protracted recovery and diminished quality of life following surgery. [7] [8] [9] [10] [11] In addition, discharge disposition is a true patient-centered quality measure that represents the difference between recovering at home with family vs protracted recovery periods in a nursing home or other facility. From a quality improvement perspective, discharge disposition is also a useful metric because it is easy to measure and potentially modifiable. Quality of postsurgical recovery is particularly relevant following postoperative complications. Evidence has suggested that high-quality hospitals are primarily distinguished by the ability to limit mortality through early detection and appropriate management of complications. [12] [13] [14] [15] Although survival following complications is important, it remains a crude measure of surgical quality because a considerable difference exists between regaining functional independence and returning home vs requiring a prolonged stay in a rehabilitation facility or nursing home to complete recovery. Although one might expect high-volume hospitals to have greater resources and expertise for enhancing recovery and detecting and managing complications, the relationship between hospital volume and discharge disposition has not been investigated to date. Consequently, it is unclear whether high-volume hospitals are more likely than low-volume hospitals to help patients achieve full recovery and return home after surgery. In addition, for patients with ongoing postdischarge care needs, no data exist to date on whether high-volume hospitals are more likely to use home health care as opposed to skilled facilities. We hypothesized that recovery following colorectal surgery would be improved at high-volume hospitals compared with low-volume hospitals and that this would be reflected by more frequent discharge to home or the use of home health services rather than discharge to skilled nursing and rehabilitation facilities. We also hypothesized that differences in the likelihood of discharge to home between highvolume hospitals and low-volume hospitals would be especially pronounced for patients recovering from postoperative complications.
Methods

Patient Selection
The Nationwide Inpatient Sample (NIS) contains data from more than 1000 hospitals, representing a 20% stratified sample of all US community hospitals, excluding Veterans Affairs hospitals and federal facilities. 16 
Independent Variable
The main variable of interest was hospital volume, defined as the number of weighted colorectal resections performed during 2008 in the NIS. Hospital volume was modeled as a continuous variable after taking the natural logarithm to normalize and was categorized into 3 equal groups (low, medium, and high) for ease of presentation. The high-volume category represents hospitals with the top one-third of volume for 2008, while the low-volume category represents hospitals with the lowest one-third of volume.
Outcomes
The primary outcome was discharge to home (with or without home health care) vs discharge to a skilled facility. The secondary outcome was discharge to home with home health care vs discharge to a skilled facility for patients with continuingcare needs following discharge. Patients were considered discharged to home if the uniform disposition indicator was coded as routine. Discharge was categorized as with home health care if the disposition was coded as home health care. Discharge to skilled facilities included skilled nursing homes, shortterm recovery hospitals, rehabilitation hospitals, or other facilities.
Covariates
Several states in the NIS report age as a range rather than a continuous variable, so age was modeled using indicator variables, with age younger than 60 years as the reference category compared with ages 60 to 69, 70 to 79, and 80 years or older. Comorbidities were modeled as described by Elixhauser et al. 17 Indication for surgery was classified as benign 
Statistical Analysis
Multiple logistic regression was used to evaluate the association between volume and discharge status, and robust standard errors were used to account for clustering within hospitals. Race/ethnicity is not reported by several states in the NIS, so this field is not missing at random. To avoid selection bias from exclusion of these cases, 2 modeling strategies were pursued. First, a separate category was created for missing values so these cases could be included in the analysis. Second, the analysis was repeated with race/ethnicity omitted. None of the subsequent findings differed between these 2 approaches, so results from the first model are presented. Model discrimination was assessed using the C statistic. Tests for main effects and interactions were considered significant at α < .05, although no tests of interaction were significant, so those data are not presented herein. All analyses were conducted using commercially available software (Complex Samples module of SPSS, version 18; SPSS Inc).
Results
Patient Population
A total of 280 644 adult patients in the 2008 NIS underwent colorectal resections and survived to discharge, with 78.3% treated at high-volume hospitals (Table) . Patients at lowvolume hospitals were older, with 42.6% 70 years or older compared with 35.5% at high-volume hospitals. By contrast, comorbidity burden was greater at high-volume hospitals: 55.8% at high-volume hospitals had 2 or more comorbidities vs 52.9% at low-volume centers. In addition, patients at high-volume hospitals tended to represent higher-income groups and were more likely to have private insurance. High-volume hospitals were also more likely than low-volume centers to perform surgery for benign disease and to perform rectal surgery. The overall complication rates were similar (39.3% at high-volume hospitals and 39.1% at low-volume hospitals), but the proportion of patients with multiple complications was greater at highvolume centers (16.5%) than at low-volume centers (14.4%).
Postdischarge Care Use
As summarized in the Table and in Figure 1A , the proportion of patients discharged to home from high-volume hospitals was significantly greater than that from low-volume hospitals (85.6% vs 76.1%, P < .001). A similar difference was seen among patients having any postoperative complication (73.2% vs 64.1%, P < .001) ( Figure 1B ) or for individuals having multiple complications (58.7% vs 49.5%, P < .001) ( Figure 1C ). Further examination revealed that these differences were primarily due to variations in the use of home health care vs discharge to skilled facilities: the proportion of patients discharged to home without any further assistance was 65.7% at high-volume hospitals and 65.5% at low-volume hospitals (Figure 2A Figure 2B ). Similar results were seen for individuals with multiple complications, with high-volume hospitals discharging 28.6% of patients to home without assistance, 30.1% to home with home health care, and 41.3% to skilled facilities compared with 33.1%, 16.4%, and 50.5%, respectively, at lowvolume hospitals ( Figure 2C ).
Risk-Adjusted Odds of Discharge to Home or Home Health Care vs to Skilled Facilities
As shown in Figure 3 , discharge to home (with or without home health care) rather than to skilled facilities is more than twice as likely at high-volume hospitals compared with lowvolume hospitals (odds ratio [OR], 2.09; 95% CI, 1.70-2.56), even after risk adjustment. Similarly, high-volume hospitals are more likely to discharge patients home after they have a complication (OR, 1.81; 95% CI, 1.42-2.31) or multiple complications (OR, 1.63; 95% CI, 1.12-2.39). Figure 4 shows risk-adjusted ORs for discharge to skilled facilities rather than the use of home health care for individuals requiring postdischarge care. Compared with low-volume centers, high-volume hospitals are 65% less likely to discharge patients to skilled facilities instead of to home health care (OR, 0.35; 95% CI, 0.27-0.45). For patients having postoperative complications, high-volume centers are 55% less likely to discharge to a skilled facility (OR, 0.45; 95% CI, 0.33-0.62), with similar results following multiple complications (OR, 0.48; 95% CI, 0.30-0.77).
Sensitivity Analysis
Discharge to home health care or to skilled facilities may be influenced by prior use of those resources so that patients who cility rather than being a primary admission. In this population, the odds of discharge to home or home health care rather than to a skilled facility remained significantly increased at high-volume hospitals relative to low-volume hospitals (OR, 2.18; 95% CI, 1.78-2.68). Similarly, the odds of discharge to a skilled facility rather than discharge to home health care was still decreased at high-volume hospitals vs low-volume hospitals (OR, 0.33; 95% CI, 0.25-0.43). Because insurance status could potentially affect access to home health care providers and skilled facilities, we repeated the analysis for only those patients listing Medicare as the primary payer. Medicare provides coverage for postacute care, so we thought that this could control for differences resulting from heterogeneity of insurance status. The odds of discharge to home rather than to skilled facilities among Medicare patients treated at high-volume hospitals (OR, 1.95; 95% CI, 1.56-2.43) were similar to the odds for the entire cohort, as were odds of discharge to skilled facilities vs to home health care (OR, 0.37; 95% CI, 0.27-0.49).
We also wanted to control for the possibility that access to home health care providers was more readily available at higher-volume centers and that this could affect rates of discharge to home. To address this problem, the Medicare Home Health Compare database 24 was linked to the NIS using hospital zip codes, and the number of providers in the same zip code as the hospital was used to assess provider availability. We found a median of 8 providers in the same zip code for lowvolume hospitals and a median of 10 providers in the same zip 
Discussion
Comparisons of high-volume hospitals vs low-volume hospitals have focused on short-term morbidity and mortality, with less attention paid to whether patients regain independence following surgery. 1, 5, 6, 25 To the best of our knowledge, this study is the first to evaluate the quality of recovery from colorectal surgery by exploring the relationship between hospital volume and discharge disposition. While previous studies 1, 5 showed minimal morbidity and mortality benefits of having colorectal surgery at high-volume hospitals, we found that patients having colorectal surgery at high-volume centers were more than twice as likely to return home following surgery as patients having colorectal surgery at low-volume hospitals. Equally striking was the observation that, when patients had ongoing care needs after discharge, high-volume hospitals were considerably more likely to use home health services than discharge to skilled facilities. Most important, the benefits of having colorectal surgery at high-volume hospitals were maintained even in patients having postoperative complications. Our findings have several important policy implications. First, considerable cost is associated with discharge to skilled nursing and rehabilitation facilities: Medicare alone spends more than $42 billion each year on postdischarge care. 26 Recent work has also suggested that recovery and survival are improved when patients return home following surgery. Legner et al 11 examined 89 405 patients who underwent major abdominal surgery and found that 1-year survival was 4 times worse in patients discharged to skilled facilities rather than to their homes. Although patients in this study who used home health services did not fare as well as those who were discharged to home without assistance, the home health group still had improved survival relative to patients discharged to skilled facilities. A second study 9 found similar results for trauma patients discharged to skilled nursing care compared with those discharged to home with or without home health services. Another important finding of the latter study was that overall mortality among trauma patients remained steady despite fewer inpatient deaths and shortened length of stay. In essence, the location of patient death shifted from hospitals to skilled facilities, so overall mortality remained static. This finding suggests that strategies focused on rapid discharge rather than on recovery may artificially decrease in-hospital mortality without actually saving lives. Consequently, discharge disposition shows considerable promise as a surgical and hospital quality metric. It is easily measured, potentially modifiable, and associated with patient-centered outcomes, including recovery and quality of life, in addition to standard outcomes such as survival. This study has several potential limitations. First, risk adjustment using administrative data are subject to misclassification bias. However, little reason exists to assume that hospital volume and misclassification of comorbidity or complications would correlate in a consistent manner, so this problem is unlikely to exaggerate volume effects. It is also important to note that the NIS data set does not include subsequent readmission rates. It could reasonably be argued that our analysis is incomplete because patients discharged to home might be readmitted shortly thereafter. We considered it unlikely that the frequency of readmissions would be high enough to outweigh the magnitude of the effect observed herein, but future work will need to explore this possibility using data sets that are not limited to single inpatient visits. In addition, social support can have an important role in recovery and decision making regarding discharge placement, but the only proxy available in the NIS was income. It is possible those individuals with more resources and support will seek care at highvolume hospitals and that this will influence discharge disposition. Finally, we attempted to analyze the effect of access to home health providers and skilled facilities by separately analyzing patients insured by Medicare, which covers postdischarge care. It is possible that other factors, such as patient and provider knowledge, influence access to care, and this information is not readily available for analysis. Another limitation is the inability to quantify the length of stay at skilled facilities or the duration of home health care. It will be important in future research to further study the effect we observed by evaluating how long patients require additional assistance after discharge and whether this also varies according to hospital volume. While the findings of this study were presented in terms of high-, medium-, and low-volume hospitals, an important point exists regarding the volume outcome relationship that must be emphasized. For ease of data presentation, volume was presented as 3 discrete categories, but the main analysis was performed by treating volume as a continuous variable. Because the findings from this analysis indicate that higher volume is consistently associated with greater odds of discharge to home, no concrete cutoff exists at which higher volume is not associated with discharge to home. For patients seeking to identify a hospital at which to have their surgery, the best strategy if all other factors are equal is to choose the hospital that performs colorectal surgery most frequently. While this is not as simple as categorizing a center as high volume or low volume, it should still be a useful tool in making informed decisions.
Conclusions
This study offers a unique perspective on the relationship between hospital volume and surgical outcomes that extends beyond standard metrics of morbidity and mortality. However, our findings should not be construed as an argument that all colorectal resections should be performed at high-volume hospitals. Instead, this study is the first step in a process of identifying what features of high-volume hospitals contribute to desirable outcomes. It is unclear which characteristics of highvolume hospitals (eg, increased experience, greater resources for recognizing and treating complications, or different patterns and practices of care) are related to discharge disposition. Given that discharge to home with home health care rather than to a skilled nursing facility accounts for much of the observed difference between high-volume and low-volume hospitals, it is possible that the financial arrangements or infrastructure necessary to support home health services are more viable for high-volume centers. Efforts to identify the reasons (clinical and health services) for improved recovery at high-volume hospitals can assist lower-volume hospitals in adopting beneficial practices. These practice changes can then help the health care system approach a key goal of medicine in providing the best care to all patients, regardless of where they are treated. Author Contributions: Drs Berger and Anaya had full access to all data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. Drs Berger and Anaya contributed equally to this work. 
